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Executive Summary 
 
Researchers at the National Aeronautics and Space Administration (NASA) Ames Research Center 
and Langley Research Center are jointly investigating issues associated with potential concepts, or 
configurations, in which a single pilot might operate under conditions that are currently reserved for 
a minimum of two pilots. As part of early efforts, NASA Ames Research Center hosted a 
technical interchange meeting in order to gain insight from members of the aviation 
community regarding single-pilot operations (SPO). The meeting was held on April 10-12, 2012 
at NASA Ames Research Center. Professionals in the aviation domain were invited because their 
areas of expertise were deemed to be directly related to an exploration of SPO. NASA, in selecting 
prospective participants, attempted to represent various relevant sectors within the aviation domain. 
Approximately 70 people representing government, academia, and industry attended. A primary 
focus of this gathering was to consider how tasks and responsibilities might be re-allocated to allow 
for SPO.  
 
Each day of the three-day meeting had a distinct purpose. On the first day of the meeting, nine 
invited speakers shared their relevant research and informed opinions regarding the concept of SPO. 
The second day represented the workshop portion of the technical meeting. Participants were 
divided into four workgroups of approximately equal size. All workgroups were asked to identify 
various allocation strategies for responsibilities under SPO. Furthermore, the workgroups were 
asked to identify barriers, enablers, opportunities and research issues associated with achieving the 
various allocation strategies they identified. On the third day of the meeting, each of the four 
workgroup facilitators presented a summary of the concepts discussed on the previous day. In this 
way, all attendees were exposed to the ideas discussed by each of the four groups and given the 
opportunity to ask questions, share their feedback, and provide reactions. 
 
An abundant amount of information was gathered from the meeting, and several steps were taken 
to convert the information into an organized, comprehensible form. All presentations, including 
the summaries of the findings from the workshop component of the meeting, were reviewed by the 
authors. Thereafter, an abbreviated and an extended account of each presentation were created, and 
these accounts can be found in the body of this document. These accounts were then used to analyze 
and organize the findings of the TIM. In order to organize the information, categories and 
subcategories were derived from common themes throughout the entire meeting. The categories 
were generated in an attempt to capture the broad issues associated with SPO (e.g., general 
advantages and disadvantages) and more specific categories that might guide research and 
development (e.g., specific configurations that might be considered and recommendations for 
various research and development efforts). 
 
The organized findings from the meeting can be found in the body of this document along with 
accompanying descriptions, commentary, and analyses, where appropriate. In short, meeting 
participants offered thoughts that were in many forms. They offered thoughts regarding (1) the 
strengths and weaknesses with a move to SPO, (2) issues and barriers associated with the realization 
of SPO, (3) configurations that might be considered, (4) issues unique to various configurations, and 
(5) recommendations for research, development, and design. 
 
As a whole, attendees seemed to believe that an exploration of SPO feasibility would be 
beneficial regardless of whether or not single-pilot operations are adopted in the future. In 
short, the attendees seemed to agree that almost all components of the current-day national airspace 
system could reap benefits from such research and development. Most TIM participants also 
seemed to believe that SPO is feasible, and numerous arguments for its feasibility were presented. 















































































































































































































http://spectrum.ieee.org/riskfactor/aerospace/aviation/ryanair-boss-i-want-only-one-pilot-in-the-cockpit
http://spectrum.ieee.org/riskfactor/aerospace/aviation/ryanair-boss-i-want-only-one-pilot-in-the-cockpit
http://online.wsj.com/article/SB10001424052702304011604575564212371734270.html


 
 
105 

Appendix A: Recurring Acronyms 
 
Note: Any acronym that is used only once is defined within the text. 
 
 
 
ADS-B ....................... Automatic Dependent Surveillance Broadcast 
ACARS ...................... Aircraft Communications Addressing and Reporting System 
AOC ........................... Airline Operations Center 
ATC ........................... Air Traffic Control 
ATM........................... Air Traffic Management 
CRM........................... Crew (or Cockpit) Resource Management 
FAA ........................... Federal Aviation Administration 
FAR ............................ Federal Aviation Regulation 
FOQA......................... Flight Operational Quality Assurance 
GA .............................. General Aviation 
NAS ........................... National Airspace System 
NextGen ..................... Next Generation Air Traffic System 
OPA (or OPV) ........... Optionally Piloted Aircraft or Optionally Piloted Vehicle 
RSSP .......................... Required SPO Systems and Performance (a notional concept)  
RTSP .......................... Required Total System Performance 
SPO ............................ Single-Pilot Operations 
TCAS ......................... Traffic Collision Avoidance System 
TIM ............................ Technical Interchange Meeting 
UAS (or UAV) ........... Unmanned Aerial System or Unmanned Aerial Vehicle 
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Appendix B: Invitation Sent to Prospective Participants 
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Appendix C: Final List of Meeting Participants 
 
Count Affiliation Title First Name Last Name 

1 American Airlines Capt. Jeff Osborne 
2 ARINC Ms. Leigh-lu Prasse 
3 Boeing Company, The Dr. Jack Dwyer 
4 Boeing Company, The Mr. Richard Jones 
5 Boeing Company, The Dr. R. Michael Norman 
6 Boeing Company, The Mr. Ronald Provine 
7 Boeing Company, The Mr. Stephen Whiston 
8 California State University Long Beach Mr. R. Conrad Rorie 
9 California State University Long Beach Dr. Thomas Z. Strybel 

10 California State University Long Beach Dr. Kim-Phuong L. Vu 
11 California State University Northridge Dr. Nhut Tan Ho 
12 Cessna Aircraft Company Mr. Ryan Amick 
13 Cessna Aircraft Company Mr. Greg Potter 
14 Cognitive & Human Factors Dr. Thomas L. Seamster 
15 Dell Mr. George Lawton 
16 Dell Mr. Jonathan  Luk 
17 Eclipse Aerospace, Inc Mr.  Paul Burns 
18 Embry-Riddle Aeronautical University Dr. Elizabeth Blickensderfer 
19 Embry-Riddle Aeronautical University Dr. Kelly Neville 
20 Federal Aviation Administration Mr. Steve Boyd 
21 GaryAir Air Taxi Mr. Dave Guerrieri 
22 Georgia Institute of Technology Dr. Amy Pritchett 
23 Honeywell Laboratories Dr. Michael Dorneich 
24 IPR Matters Dr. Roland Williams 
25 Massachusetts Institute of Technology Dr. R. John Hansman 
26 Massachusetts Institute of Technology Dr. Thomas B. Sheridan 
27 NASA Ames Research Center Mr.  Bimal Aponso 
28 NASA Ames Research Center Mr.  Rudolph Aquilina 
29 NASA Ames Research Center Dr. Stephen Casner 
30 NASA Ames Research Center Dr. Thomas A. Edwards 
31 NASA Ames Research Center Dr. Michael Feary 
32 NASA Ames Research Center Mr. Chad Frost 
33 NASA Ames Research Center Mr.  Michael Gaunce 
34 NASA Ames Research Center Mr. Steven Green 
35 NASA Ames Research Center Dr. Walter Johnson 
36 NASA Ames Research Center Dr. Barbara Kanki 
37 NASA Ames Research Center Dr. Parimal Kopardekar 
38 NASA Ames Research Center Mr. David McNally 
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Count Affiliation Title First Name Last Name 

39 NASA Ames Research Center Dr. Richard Mogford 
40 NASA Ames Research Center Mr. R. Jay Shively 
41 NASA Ames Research Center Mr.  Brian Smith 
42 NASA Ames Research Center Mr. Barry Sullivan 
43 NASA Ames Research Center Mr. Joseph Totah 
44 NASA Ames Research Center Ms. Shannon Zelinski 
45 NASA Dryden Flight Research Center Mr. Troy A. Asher 
46 NASA Dryden Flight Research Center Mr. Barton E. Henwood 
47 NASA Dryden Flight Research Center Mr. Mark E. Pestana 
48 NASA Dryden Flight Research Center Mr. Denis Steele 
49 NASA Langley Research Center (Remote Attendee) Ms. Danette Allen 
50 NASA Langley Research Center Mr. Mark Ballin 
51 NASA Langley Research Center (Remote Attendee) Mr. Kenneth H.  Goodrich 
52 NASA Langley Research Center Mr. David A. Hinton 
53 NASA Langley Research Center(Remote Attendee) Mr. Paul Schutte 
54 NASA Langley Research Center Ms. Anna Trujillo 
55 New Mexico State University Mr. Doug Davis 
56 Research Integrations, Inc. Dr. Elizabeth A. Lyall 
57 Rockwell Collins, Inc. Mr.  Kevin Kronfeld 
58 Rockwell Collins, Inc. Mr. Sethu R. Rathinam 
59 Rockwell Collins, Inc. Dr. Frederick M. Rudolph 
60 San Jose State University Foundation Mr. Vernol Battiste 
61 San Jose State University Foundation Dr. Dorrit Billman 
62 San Jose State University Foundation Ms. Summer Brandt 
63 San Jose State University Foundation Dr.  Doreen Comerford 
64 San Jose State University Foundation Mr. Quang Dao 
65 San Jose State University Foundation Ms. Lisa Fern  
66 San Jose State University Foundation Capt. Richard Geven 
67 San Jose State University Foundation Ms. Caitlin Kenny 
68 San Jose State University Foundation Capt. Robert Koteskey 
69 San Jose State University Foundation Mr. Josh Kraut 
70 San Jose State University Foundation Dr. Joel Lachter 
71 San Jose State University Foundation Ms. Sarah Ligda 
72 San Jose State University Foundation Dr. Shu-Chieh Wu 
73 SUPAERO/ONERA Mr. Sergio Pizziol 
74 United Airlines Capt. Andrew Allen 
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Appendix D: Agenda that was Disseminated to Confirmed Participants 
 

 

 

 

 

 

Below is the agenda for the Single Pilot Operations Technical Interchange Meeting. 
 
NASA Ames Conference Center (NACC), Building 3 
NASA Ames Research Center, Moffett Field 

Tuesday, April 10, 2012 
 

  9:00 - 9:15 Welcome Tom Edwards 
9:15 - 9:30 Goals Parimal Kopardekar 
9:30 - 10:00 Project Overview and Future 

Concepts 
Ames and Langley SPO Leads 

10:00 - 10:15 Break  
10:15 - 11:15 Human-Automation 

Interaction in Single Pilot 
Carrier Operations 

Tom Sheridan, MIT 

11:15 - 11:45 Modeling the Work of the 
Flight Deck 

Amy Pritchett, Georgia Institute of Technology 

11:45 - 12:15 Single Pilot Operations: 
Motivation, Issues, 
Architectures and Con-Ops 

John Hansman, MIT 

12:15 - 1:30 Lunch  
1:30 - 2:00 Defining Research Issues for 

Single Pilot Operations in 
Transport Aircraft: Why 
Should We Care About 
CRM? 

Robert Koteskey, San Jose State University 

2:00 - 2:30 Establishing Advanced AOC 
Systems for Single Pilot 
Operations 

Leigh-lu Prasse, ARINC 

2:30 - 3:00 Economic Opportunities and 
Technological Challenges For 
Reduced Crew Operations 

Mike Norman, The Boeing Company 

3:00 - 3:15 Break  
3:15 - 3:45 Single Pilot Operations: 

Automation Considerations 
Sethu Rathinam, Rockwell Collins 

3:45 - 4:15 The FAA Transport Airplane 
Directorate Perspective on 
Single Pilot Transports 

Steve Boyd, FAA 



 
 
110 

4:15 - 4:45 NextGen and the Single Pilot Greg Potter, Cessna Aircraft Company 
4:45 - 5:00 Wrap-up Ames and Langley SPO Leads 
6:00 - 8:00 Dinner at Tied House  
Wednesday, April 11, 2012 

 

  9:00 - 9:30 Instructions for Breakout 
Sessions 

(Ballroom) 

9:30 - 12:30 Breakout Session #1 (Assigned Breakout Room) 
12:30 - 1:30 Lunch  
1:30 - 4:30 Breakout Session #2 (Assigned Breakout Room) 
4:30 - 5:00 Wrap up (Ballroom) 
Thursday, April 12, 2012 

 

  9:00 - 9:30 Instructions for Discussion  
9:30 - 10:00 Group 1 Report  
10:00 - 10:30 Group 2 Report  
10:30 - 11:00 Break  
11:00 - 11:30 Group 3 Report  
11:30 - 12:00 Group 4 Report  
12:00 - 12:30 Wrap-up and Adjourn  
1:30 - 2:00 Lab Tour (optional)  
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(Johnson) Slide 3 
 

Who is Here

NASA / Government
Anna Trujillo - NASA
Barb Kanki - NASA
Bart Henwood  - NASA
Bimal Aponso - NASA
Brian Smith - NASA
Dave McNally - NASA
David Hinton - NASA
Denis Steele - NASA
Jay Shively- NASA
Mark Ballin- NASA
Mark Pestana-NASA
Mike Feary - NASA
Mike Gaunce - NASA
Parimal Kopardekar - NASA
Richard Mogford - NASA
Rudy Aquilina - NASA
Shannon Zelinski - NASA
Steve Casner NASA
Troy Asher - NASA
Walt Johnson- NASA
Chad Frost �t NASA
Barry Sullivan �t NASA
Joseph Totah - NASA
Sergio Pizziol - Onera
Steve Boyd - Manager - FAA

Academia
Amy Pritchett - Georgia Tech
Beth Blickensderfer �t Embry-Riddle
Doreen Comerford �t SUNY
Dorrit Billman �t Ames/SJSU
Doug Davis - New Mexico State
Joel Lachter - Ames/SJSU
John Hansman - MIT
Kelly Neville �t Embry-Riddle  
Kim Vu - CSULB
Lisa Fern - Ames/SJSU
Nhut Ho - CSUN
Quang Dao - Ames/SJSU
Richard Geven �t Ames/SJSU
Rob Koteskey - Ames/SJSU
Shu-Chieh Wu - Ames/SJSU
Summer Brandt - Ames/SJSU
Thomas Sheridan - MIT
Tom Strybel - CSULB
Vern Battiste- Ames/SJSU

Industry
Beth Lyall �t Research Integrations  
Bill Rogers - Honeywell
Andrew Allen - United Airlines
Chris Meigs - General Electric
Dave Guerierri - GaryAir
Fred Rudolph - Rockwell Collins
Greg Potter - Cessna 
Jack Dwyer - Boeing
Jeff Osborne - American Airlines SOC
Kevin Kronfeld - Rockwell Collins
Leigh-lu Prasse - ARINC
Michael Dorneich - Honeywell
Paul Burns - Eclipse
Richard Jones - Boeing
Mike Norman - Boeing
Ronald Provine �t Boeing
Ronald Williams �t IPR Matters
Ryan Amick - Cessna
Sethu Rathinam - Rockwell Collins
Stephen Whiston - Boeing
Tom Seamster - Cognitive & Human Factors
Tony Merck �t Cessna
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TIM Agenda

Tuesday �t Nine talks and dinner at the
Tied House

Wednesday �t Breakout group discussions

Thursday �t Breakout group outbriefs and FDDRL 
lab tour

 
 
  



 
 
113 

(Johnson) Slide 5 
 

Goal of this Meeting

Develop a set of critical research issues that can 
be used to inform the planning for a 2-5 year 
research effort examining the feasibility of a 
move from two-pilot to single-pilot flight 
decks 
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Two Potential Paths

Flight Deck Automation:  In the future we will 
have a flight deck with very intelligent 
automation that can effectively replace the 
functions of the First Officer

Ground-Based Support:  In the future we will be 
relying much more extensively on air-ground 
collaboration, with many of the First Officer 
functions being handled remotely 
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Some Issues to Consider for SPO

The proposed time frame is post-NextGen (20-30 years out), 
although we might expect nearer term benefits. 

�‡Trajectory Operations 
�‡Predicted Weather 
�‡Flight Deck Managed Spacing 
�‡Delegated Separation Management 
�‡DataCom 
�‡Higher degrees of air-ground integration
�‡Optimized Profile Descents
�‡UAVs
�‡Advances to automation
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The advent of UAVs should have us considering 
not only the impact of removing a pilot from 
an otherwise two person flight deck, but also 
the value of leaving a pilot on the flight deck 

Some Issues to Consider
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Barriers to SPO

Barriers
�‡Perceived and actual reduction in safety
�‡Increased pilot workload

�‡Reduced ability to handle off-nominal events
New Requirements

�‡Smarter advanced automation
�‡Improved coordination/collaboration 

�±With both remote people and automation
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Tuesday Agenda

1 of 2

9:00 �t 9:15 Welcome Tom Edwards

9:15 �t 9:30 Goals Parimal Kopardekar

9:30 �t 10:00 Project Overview and Future Concepts Amesand Langley SPO Leads

10:00 �t 10:15 Break

10:15 �t 11:15 Human-Automation Interaction in Single Pilot Carrier OperationsTom Sheridan, MIT

11:15�t 11:45 Modeling the Work of the Flightdeck
Amy Pritchett, Georgia Institute of
Technology

11:45 �t 12:15
Single Pilot Operations: Motivation,Issues, Architectures and 
Con-Ops

JohnHansman, MIT

12:15 �t 1:30 Lunch

1:30 �t 2:00
Defining Research Issues for Single Pilot Operations in Transport 
Aircraft: Why Should We Care About CRM?

Rob Koteskey, San Jose State University

2:00 �t 2:30 Establishing Advanced AOC Systems for Single Pilot OperationsLeigh-lu Prasse, ARINC

2:30 �t 3:00
Economic Opportunities and Technological Challenges For 
Reduced Crew Operations

Mike Norman, The Boeing Company

3:00 �t 3:15 Break

3:15 �t 3:45 Single Pilot Operations: Automation Considerations Sethu Rathinam, Rockwell Collins

3:45 �t 4:15
The FAA Transport Airplane Directorate Perspective on Single 
Pilot Transports

Steve Boyd, FAA

4:15 �t 4:45 NextGenand the Single Pilot Greg Potter, Cessna Aircraft Company

4:45 �t 5:00 Wrap Up Ames and Langley SPO Leads

5:00 �t 6:00 Break

6:00 �t 8:00 Dinner at Tied House
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Arguments against Singe Pilot Operations

�‡ Unacceptable to flying public?

�‡ Too much faith in automation and communication 
reliability?

�‡ �t�}�v�[�š���•���À�����u�}�v���Ç�V���i�µ�•�š���u�}�À���•���‰���}�‰�o�����š�}���š�Z�����P�Œ�}�µ�v���M
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Different types of challenges

A1. Add routine tasks of pilot-not-flying to those of pilot-flying: 
increased workload

A2. Substitute ground-based human to be second pair of eyes 
and hands: attention and communication issues 

B1. Take over control in case of single plot incapacitation - benign

B2. Take over control in case of single pilot incapacitation - conflict
(e.g., Jet Blue 191 JFK to LAS A320 with no other on-board pilot)

C1. Cope with on-board automation failure

C2. Cope with communication or ground-based automation failure: 
need for redundant and non-overlapping channels 
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Air traffic control

4D flight 
plan

FAA
rules

Pilot Ground
agent(s)

Automation

Situation

�‡ Aircraft
�‡ Phase of flight
�‡ Weather
�‡ Traffic
�‡ Emergency?

�‡ What is authorized?
�‡ What  is accepted?
�‡ What is contested?

Agents and variables in single pilot operation
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TRADE CONTROL SHARE CONTOL

COOPERATE                             
�‡All tasks 

reassigned

�‡Pilot initiated

�‡Selected tasks 
reassigned

�‡Pilot initiated

CONFRONT
�‡All tasks 

reassigned

�‡Ground or 
automation
initiated

�‡Selected tasks 
reassigned

�‡Ground or 
automation
initiated

Task assignment to ground controller /automation
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Tasks of human agent on the ground

1. CONCERNED ONLY WITH tasks of PILOT-NOT-FLYING?
�‡ Shared by ~5 other aircraft
�‡ Capability to hand off to other  ground agent if get too busy

o�Œ�Y

2. COMBINED WITH tasks of REGULAR CONTROLLER?

���o�•�}�Y

Any tasks for human staff agent on-board?
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Teamwork: What does it take for humans and 
computers �š�}��� �̂��}�}�‰���Œ���š���_?

�‡ If their goals are different there will surely be conflict 
(as clearly demonstrated in control theory).

�‡ They must also be continually giving feedback to one 
another to stay synchronized.

�‡ A big challenge is how to measure and model the 
intentions and adaptive behavior of the human so 
�š�Z���š���š�Z�������}�u�‰�µ�š���Œ�������v���^�µ�v�����Œ�•�š���v���X�_
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How much information is too much information for a 
user to assimilate and utilize in the available time? 

�‡ There is a limit on how fast human can absorb 
information and decide what is relevant.

�‡ Human response times follow a lognormal 
distribution, meaning some fraction of responses 
may take a very long time. 
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Lognormal distribution. Exact shape depends upon �V��
P(log x) would be normally distributed.

99% confidence

 
 
  



 
 
121 

(Sheridan) Slide 11 
 

Flying alone can be boring, so

�‡ Increase communication with human controller on 
ground beyond nominal tasks?

�‡ Allow communication with a designated on-board 
staff person?
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Human-centered automation: Should humans 
always be in charge?

�‡ Not when the designated human is inattentive. 

�‡ Not when there is no time for a human to respond 
(even though attentive).

�‡ And not when the human does not have the 
knowledge on how to manage responsibly.

�‡ ABILITY > AUTHORITY > CONTROL > RESPONSIBILITY 
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How smart and how useful can we expect decision 
support tools and automation to be?  

�‡ Human may have unrealistic expectations of what 
given decision support tools know or what 
automation can do (experience, training, trust).

�‡ Using decision support tools takes time, and if time 
is critical it may be best to act on experience and 
intuition.
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�‡ Infer from detected actions the intent of the pilot and communicate these 
intentions to the other subsystems,

�‡ Model the current pilot workload in order to adapt the behavior of the 
information presentation and aiding subsystems,

�‡ Configure cockpit displays and controls to present the most important information 
in the most effective manner,

�‡ Assist the pilot by performing actions approved for the PA to implement,

�‡ Identify and compensate for pilot actions that might result in errors with serious 
consequences, and

�‡ Provide the interface between the pilot and planners by managing and presenting 
proposed plans, allowing the pilot to accept or reject proposals, proposing 
alternatives where appropriate, and removing proposals when the were no longer 
appropriate.

�����Z�W�����W�/�>�K�d�[�^�����^�^�K���/���d���U�����/�Z�������î�ì�ì�ð
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Who is in charge what when?
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Should or can authority (how control is enabled) and 
responsibility (accountability in case of failure)
always go together? Complicating factors are:

�‡ In modern organizations both authority and responsibility 
tend to be shared vertically.

�‡ Human users become dependent upon automation and 
decision support tools. Can automation be held
responsible?

�‡ Difficult to pinpoint a specific locus of human input 
(design, manufacture, installation, maintenance, training, 
operation).
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Modes of supervisory control/adaptive automation
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� �̂��µ�š�Z�}�Œ�]�š�Ç�����v�����Œ���•�‰�}�v�•�]���]�o�]�š�Ç���]�v���Z�µ�u���v�tmachine systems: probability theoretic 
validation of machine-�]�v�]�š�]���š�������š�Œ�����]�v�P���}�(�����µ�š�Z�}�Œ�]�š�Ç�_
Toshiyuki Inagaki and Thomas B. Sheridan
Cognition, Technology and Work, Vol. 14, No.1, March 2012

�D= automatic braking in response to lead vehicle deceleration
�E= automatic  lane change prevention when vehicle coming in new lane
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DERIVED CONTINGENT PROBABILITY EQUATIONS where
U=unsafe, S=safe PARTICULAR SITUATION, 
NA=no action, A=action BY PILOT 
w=warning, a=computer intervention;  �^�Y�_�����u�����v�•��� �̂��}�u�‰�µ�š���Œ���•���]���_����
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Designing for surprise: What are the tradeoffs?

�‡ Preparation for any contingency is good, but how 
much to spend on preparation?

�‡ A most conservative criterion, to be prepared for 
the worst case, is too conservative.  But an expected 
value criterion (probability times cost) is too liberal. 
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History of Pilot Models

Pilot as servomechanism: analytic models 
using differential equations of control theory
�‡Simple crossover model (McRuer, Krendel, Jex)
�‡Optimal control, internal model (Baron, Kleinman, Levison)

Pilot as cognitive agent (supervisor of automation, flight 
manager) using rule-based computer simulation
�‡ ACT-R (Johnson-Laird et al)
�‡ Air Midas (Corker et al)
�‡ D-OMAR (Deutsch and Pew)

Foyleand Hooey: challenge of model credibility with 
increasing complexity and pace of change
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Experiment with successively more challenging platforms

�‡ Fast-time models

�‡ Human-in-the loop simulations

�‡ Flight trials with SPO-certified GA passenger jets

�‡ Trials by express mail carriers

�‡ Trials by short haul passenger carriers
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Development of  �^���µ�š�}�u���š�]�}�v���‰�}�o�]���Ç�_��to guide design, 
operation and management of highly automated systems

Specify:
�‡ Specific responsibilities of humans in specific 

situations.

�‡ Who or what will be held responsible for which kinds 
of failures.

�‡ What kinds of evidence are admissible in making 
such judgments.
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Single Pilot Operation: Which will it be?
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Why Have More Team Members?

1. Divvy up the taskwork
+ Team members will do different things

�E�K�d���J�����D�}�Œ�����š�����u���u���u�����Œ�•���������•���Z�š�����u�Á�}�Œ�l�[���š�}���Ztaskwork�[
Total volume of work goes up, even as taskloadper teammembermay go down

2. Redundancy on the taskwork
+ Team members will do the same things, for error checking

NOTE!  Human team mates may make the same mistakes

3  
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Arrival and Approach Phases of Flight

+ Aircraft Control
+ Trajectory Management
+ Aircraft Systems Management
+ Communication Management 
+ Flight Regulation Management

4  
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Aggregating Together the Arrival-Approach Model

5

Priorities
and

Values

Mission
Goals

Temporal
Function

Generalized
Function

Maintain Aircraft 
Maneuvering

Maintain Interaction 
with Air Traffic System

Fly and Land SafelyFly Fuel- and Time-Efficiently

Maintain Flight Rules 
and Regulations

Manage
Flight Regulations

Manage 
Trajectory

Control Waypoints

Control Heading

Control
Information

Control 
Communication with 

ATC
Control Vertical Speed Control Aircraft 

Configuration

Control Airspeed

Manage Aircraft 
Systems

Control Vertical Profile
Control Flightdeck 

Components

Manage 
Communication

Control Operating 
Procedures

Manage 
Aircraft Control
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Modeling the Taskwork

Agent
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Extending the Modeling to Include Teamwork
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���•�•�]�P�v�]�v�P���&�µ�v���š�]�}�v�•���t�]�š�Z�]�v���&���í���Z�&�µ�o�o�����µ�š�}�u���š�]�}�v�[

8

Priorities
and

Values

Mission
Goals

Temporal
Function

Generalized
Function

Autopilot 
ControlModes

Function 
Allocation

Flight Phase

Maintain Aircraft 
Maneuvering

Maintain Interaction 
with Air Traffic System

Fly and Land SafelyFly Fuel- and Time-Efficiently

Maintain Flight Rules 
and Regulations

Manage
Flight Regulations

Manage 
Trajectory

Control Waypoints

Control Heading

Control
Information

Control 
Communication with 

ATC
Control Vertical Speed Control Aircraft 

Configuration

Control Airspeed

Manage Aircraft 
Systems

Control Vertical Profile
Control Flightdeck 

Components

Manage 
Communication

Control Operating 
Procedures

Manage 
Aircraft Control
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